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(57) A phosphor having an excitation band relative
to lights in the wide range of wavelengths from ultraviolet
to visible light, and having an emission spectrum in the
red range and so on, with a wide half value width, and
an LED and a light source using the phosphor and emit-
ting white and other color lights with good color rendering
properties are provided. Powdered raw materials of
Ca3N, (2N), CaO (2N), AIN (3N), SizN4 (3N), and Eu,04
(3N) are prepared, and the respective raw materials are
mixed to have a mole ratio of the respective elements of

Phosphor, light emitting device and light source

Ca: Al: Si: Eu=0.985: 1: 1: 0.015. The mixed raw mate-
rials are fired at 1000°C or higher in an inert atmosphere
for three hours, and thereafter pulverized to obtain a
phosphor having a composition of CaAISiN, 30, »5: Eu,
which is one example of the phosphor satisfying the
above described object. Furthermore, by combining the
phosphor with an appropriate LED or a light source emit-
ting from ultraviolet light to visible light, the LED and the
light source emitting white and other color lights with good
color rendering properties can be obtained.
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Description
BACKGROUND OF THE INVENTION
1. FIELD OF THE INVENTION

[0001] The present invention relates to a phosphor used in a display device such as CRT, PDP, FED, and EL, and a
lighting device and so on, such as a vacuum fluorescent display and a fluorescent lamp. Especially it relates to the
phosphor which is excited by ultraviolet light to visible light to emit visible light or white light, an LED, and a light source
using the phosphor.

2. DESCRIPTION OF THE RELATED ART

[0002] Currently, a discharge fluorescent lamp, a filament lamp, and so on used as lighting devices have various
problems such as containing harmful substances like mercury or the like, having a short life span, and so on. However,
in resent years, LEDs emitting a blue or ultraviolet light are developed one after another. The ultraviolet to blue lights
emitted from the LED are combined with a phosphor having an excitation band within a ultraviolet to blue wavelength
region, and thereby a white light is obtained by mixing the LED emitting light and emission of the phosphors. Then,
researches and developments to utilize the white light as a lighting of the next generation are being conducted vigorously.
This white LED lighting has advantages such as the amount of heat generation is small, the life span is long without
being broken like a conventional filament lamp because it is constituted from a semiconductor element and the phosphor,
and the harmful substance such as mercury is not necessary, so that it is an ideal lighting device.

[0003] Here, to obtain white light by the combination of the above-described LED and the phosphor, two modes are
considered in general. One mode is to combine an LED emitting blue light and a phosphor excited by receiving the blue
light emission to emit yellow light, and by the combination of blue light emission and yellow light emission, white light
emission is obtained.

[0004] The other mode is to combine an LED emitting a near-ultraviolet or ultraviolet light, and a phosphor excited by
receiving the near-ultraviolet or ultraviolet light emission to emit a red (R) light, a phosphor emitting a green (G) light, a
phosphor emitting a blue (B) light, and other colors, and thereby obtaining white light emission by RGB and other color
lights. This method to obtain white light emission by using RGB and other color lights has a wide range of application
as a lighting device because any light emitting color other than white light can be obtained by the combination and the
compounding ratio of RGB and other color phosphors. As phosphors used for this purpose, there are red phosphors of,
for example, Y,0,S: Eu, La,0,S: Eu, 3.5Mg0O-0.5MgF,-GeO,: Mn, and (La, Mn, Sm),0,S-Ga,03: Eu, green phosphors
of, for example, ZnS: Cu,Al, SrAl,O,: Eu, and BAM: Eu, Mn, a yellow phosphor of, for example, YAG: Ce, and blue
phosphors of, for example, BAM: Eu, Srg(PO,4);Cl: Eu, ZnS: Ag, (Sr, Ca, Ba, Mg)4¢(PO,4)eCl,: Eu. And those RGB and
other color phosphors are combined with light emitting portions such as the LED and so on emitting a near-ultraviolet
or ultraviolet light in an attempt to obtain a light source or a lighting device such as the LED and so on which emits white
or a desired light.

[0005] However, as for the white LED lighting by the combination of blue LED and the yellow phosphor (YAG: Ce),
the light emission at the long wavelength side in the visible light region is in shortage, so that the white light emission
becomes slightly blue-tinged, and the somewhat red-tinged white light emission like an electric bulb cannot be obtained.
[0006] Besides, in the white LED lighting by the combination of near-ultraviolet or ultraviolet LED, and RGB and other
color phosphors, the excitation efficiency on the long wavelength side of the red phosphor is not good compared to the
other phosphors within the three color phosphors, so that the emission efficiency is low. Therefore there is no other
choice than to increase the compounding ratio of only the red phosphor, and the phosphor to increase the luminance is
in shortage, so that the white light with high luminance cannot be obtained. Furthermore, the emission spectrum of the
phosphor is sharp, so that there is a problem that the color rendering properties of the obtained light is not good.
[0007] Therefore, recently, an oxynitride glass phosphor (for example, refer to Patent Document 1) having a good
excitation on the long wavelength side and obtaining a light emitting peak with a wide half value width, a phosphor having
a sialon as a host material (for example, refer to Patent Documents 2 and 3), and a phosphor containing nitrogen such
as silicon nitride group or the like (for example, refer to Patent Documents 4 and 5) are reported. Since the phosphor
containing nitrogen has more covalent bonding ratio compared to the oxide type phosphor, the phosphor has a charac-
teristic of having a good excitation band for the lights having 400 nm wavelength or more, and it comes under the spotlight
as the phosphor for the white LED.

[Patent Document 1] Japanese Patent Application Laid-open No. 2001-214162
[Patent Document 2] Japanese Patent Application Laid-open No. 2003-336059
[Patent Document 3] Japanese Patent Application Laid-open No. 2003-124527
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[Patent Document 4] Translated National Publication of Patent Application No. 2003-515655
[Patent Document 5] Japanese Patent Application Laid-open No. 2003-277746

SUMMARY OF THE INVENTION

[0008] However, by the investigation of the inventors of the present invention, the problem is found that the color
rendering properties are still below the satisfaction level even in white light obtained by the combination of the near-ul-
traviolet or ultraviolet LED and so on, and the RGB and other color phosphors. In addition, it is conceivable that the light
source such as LED and so on emitting white light and other various color lights with good color rendering properties
are required in the future. However, only red phosphors according to the prior art having an excitation band in the
wavelength region of ultraviolet light, or from ultraviolet light to blue light, has been developed.

[0009] Here, the inventors of the present invention researched solutions of the above-described problems. As a result,
it is found that if a red phosphor and so on, having an excitation band for the lights in the wide range of wavelength from
ultraviolet to visible light (for example, green light) and having an emission spectrum with a wide half value width in the
range of red or the like is obtained, it becomes possible to combine the red phosphor and so on with various other color
phosphors and with various light sources (for example, light sources from ultraviolet light to green light), and white and
other various color light emissions with a good color rendering properties can be obtained.

[0010] Thatis to say, an object of the present invention is to provide a phosphor having the excitation band for lights
in the wide range of wavelength from ultraviolet to green light, and having the emission spectrum in the range of red
and so on, with a wide half value width, and the LED and the light source using the phosphor.

[0011] According to a first aspect for solving the above-described problems, a phosphor emitting a light when a
monochromatic excitation light in a range from 250 nm to 550 nm is irradiated thereon is provided,

wherein a luminescence intensity at an excitation wavelength where an intensity of a spectrum of emitting the light by
absorbing the excitation light becomes maximum is defined as Py, a luminescence intensity at an excitation wavelength
where the luminescence intensity becomes minimum is defined as P, and P, / P| = 2.

[0012] According to a second aspect of the present invention, the phosphor described in the first aspect is provided,
wherein an emission maximum of the spectrum of emitting the light is in a range of 580 nm or more and 680 nm or less,
and a half value width of the spectrum of emitting the light is 50 nm or more.

[0013] According to a third aspect of the present invention, the phosphor described in the first or the second aspect
is provided,

wherein the phosphor is represented by a composition formula MmAaBbOoNn: Z (note that the element M is one or
more kind of divalent elements, the element A is one or more kind of trivalent elements, the element B is one or more
kind of tetravalent elements, the O is oxygen, the N is nitrogen, and the element Z is an activator.).

[0014] According to a fourth aspect of the present invention, the phosphor described in the first or the second aspect
is provided,

wherein the phosphor is represented by a composition formula MmAaBbNn: Z (note that the element M is one or more
kind of divalent elements, the element A is one or more kind of trivalent elements, the element B is one or more kind of
tetravalent elements, the N is nitrogen, and the element Z is the activator.).

[0015] According to a fifth aspect of the present invention, the phosphor described in the first or the second aspect is
provided,

wherein the phosphor is represented by a composition formula MmBbOoNnN: Z (note that the element M is one or more
kind of divalent elements, the element B is one or more kind of tetravalent elements, the O is oxygen, the N is nitrogen,
and the element Z is the activator.).

[0016] According to a sixth aspect of the present invention, a light emitting diode is provided, which includes;

a phosphor according to any one of the first to the fifth aspect; and

a light emitting portion emitting any one of ultraviolet to green lights,

wherein the phosphor is light emitted by any one of the ultraviolet to green lights as an excitation source.

[0017] According to a seventh aspect of the present invention, the light emitting diode described in the sixth aspect
is provided,

wherein the ultraviolet to green lights are the lights of wavelengths from 250 nm to 550 nm.

[0018] According to an eighth aspect of the present invention, a light source is provided, which includes,

a phosphor according to any one of the first to the fifth aspect, and

a light emitting portion emitting any one of ultraviolet to green lights,

wherein the phosphor is light emitted by any one of the ultraviolet to green lights as the excitation source.

[0019] According to a ninth aspect of the present invention, the light source described in the eighth aspect is provided,
wherein the ultraviolet to green lights are lights of wavelengths from 250 nm to 550 nm.

[0020] The phosphor according to the first to fifth aspects, having the emission spectrum in the range of red and so
on, with a wide half value width, and having the excitation band in the range of ultraviolet light to green light (wavelength
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region from 250 nm to 550 nm), so that the combination with phosphors of various other colors and with various light
sources becomes possible, and white and other color light emissions with good color rendering properties can be obtained.
[0021] In the light emitting diode according to the sixth or the seventh aspect, the light emitted by the light emitting
element of the light emitting diode is combined with the light emission of the phosphor, so that white and other color light
emissions with good color rendering properties can be obtained.

[0022] In the light source according to the eighth or the ninth aspect, the light emitted by the light emitting portion of
the light source is combined with the light emission of the phosphor, so that white and other color light emissions with
good color rendering properties can be obtained.

BRIEF DESCRIPTION OF THE DRAWINGS
[0023]

FIG 1 is a graph showing an excitation spectrum of a phosphor according to the present invention;
FIG 2 is a graph showing the excitation spectrum of the phosphor according to the present invention;
FIG 3 is a graph showing the excitation spectrum of the phosphor according to the present invention;
FIG 4 is a graph showing the excitation spectrum of the phosphor according to the present invention;
FIG 5 is a graph showing an excitation spectrum of a phosphor according to the prior art; and

FIG 6 is a graph showing the excitation spectrum of the phosphor according to the prior art.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
[0024] Hereinafter, the best mode for carrying out the invention will be described based on embodiments 1 to 3.
(Embodiment 1)

[0025] Here, a characteristic of a phosphor represented by a composition formula MmAaBbOoNn: Z (note that the
element M is one or more kind of divalent elements, the element A is one or more kind of trivalent elements, the element
B is one or more kind of tetravalent elements, the O is oxygen, the N is nitrogen, and the element Z is an activator)
according to the present invention will be described with reference to the drawing.

[0026] First, an excitation light which can be used by a red phosphor according to an embodiment 1 is described with
reference to FIG 1. FIG 1 is a graph showing an excitation spectrum of an example (CaAlSiN, 30, »5: Eu) of the red
phosphor according to the embodiment 1, and a luminescence intensity of the phosphor is taken on the vertical axis
and a wavelength (nm) of the excitation light is taken on the horizontal axis.

[0027] The excitation spectrum of the phosphor is obtained as follows.

[0028] First, an emission maximum of the spectrum of emitting the light when the phosphor is excited by the excitation
light of 460 nm is searched, and then it was 647.2 nm. Next, monochromatic excitation lights are irradiated on the
phosphor while changing the wavelength sequentially from 250 nm to 600 nm. Then the intensity of the spectrum emitted
by the phosphor at the 647.2 nm is measured, and the luminescence intensity is plotted.

[0029] As itis obvious from FIG 1, the red phosphor according to the embodiment 1 shows a plain light emission at
substantially the same luminescence intensity relative to the excitation lights in the range from ultraviolet light of 250 nm
to green light of 550 nm.

[0030] Next, the light emission when the red phosphor according to the above-described embodiment 1 is excited by
the excitation light in the range from ultraviolet light of 250 nm to green light of 550 nm is described.

[0031] The emission maximum, a relative luminescence intensity, and a value of a half value width of the phosphor
according to the embodiment 1, when it is excited by the lights having wavelengths of 254 nm, 300 nm, 380 nm, 405
nm, 460 nm, 508.7 nm, and 550 nm as the excitation lights are shown in Table 1.

[Table 1]
EXCITATION EMISSION MAXIMUM RELATIVE INTENSITY (%) | HALF VALUE WIDTH (nm)
WAVELENGTH (nm) (nm)
254.0 645.9 89.3% 93.3
300.0 645.9 89.3% 93.3
380.0 645.8 72.9% 94.6
405.0 645.9 75.2% 94.2
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Table continued

EXCITATION EMISSION MAXIMUM RELATIVE INTENSITY (%) | HALF VALUE WIDTH (nm)
WAVELENGTH (nm) (nm)
460.0 647.2 91.7% 91.5
508.7 648.9 100.0% 89.6
550.0 650.4 95.5% 88.0
[0032] As itis obvious from measured results shown in Table 1, when the lights having wavelengths from 250 nm to

550 nm are sequentially irradiated on the phosphor as monochromatic excitation lights, the maximum of luminescence
intensities is defined as Py, and the minimum of luminescence intensities is defined as P . When the wavelength of the
excitation light is 508.7 nm, the emission maximum becomes 648.9 nm, and the luminescence intensity becomes a
maximum value. Therefore, the value at this time is set as P, = 100%. On the other hand, when the wavelength of the
excitation light is 380.0 nm, the emission maximum becomes 645.8 nm, and the luminescence intensity becomes a
minimum value. Then, the value at this time is P|_=72.9%. Therefore, Py / P|_=1.37, and when a case that the excitation
light is used to provide the maximum efficiency to the phosphor is compared to a case that the excitation light is used
to provide the minimum efficiency, the difference between both efficiencies is within 30%. Therefore it turned out that
the phosphor can fully use the wide range of lights effectively from ultraviolet light to green light as the excitation lights.
Further, it also turned out that the half value width is 88 nm or more relative to the excitation lights having wavelengths
from 250 nm to 550 nm.

[0033] That is to say, the red phosphor according to the embodiment 1 can use various light sources producing any
one of light emissions from ultraviolet light to green light as the light source for excitation. Further, when it is used by
mixing with other color phosphors emitting other color lights, it can be used in a wide range, flexibly, by mixing with other
color phosphors having various excitation spectra respectively. By a combination with the various light sources and other
color phosphors, white light and other various lights having good color rendering properties can be obtained.

[0034] Next, a structure of the phosphor according to the embodiment 1 is described.

[0035] The phosphor according to the embodiment 1 is the phosphor having a host material structure represented by
the composition formula MmAaBbOoNn: Z. Here, the element M is at least one or more kind of elements selected from
the divalent elements in the phosphor. The element A is at least one or more kind of trivalent elements in the phosphor.
The element B is at least one or more kind of tetravalent elements in the phosphor. The O is oxygen, and the N is
nitrogen. The element Z is an element which acts as an activator in the phosphor, and at least one or more kind of
elements selected from rare-earth elements or transition metal elements.

[0036] Whenthe host material structure of the above-described phosphor has a chemically stable structure, animpurity
phase which does not contribute to a light emission is difficult to arise in the host material structure, therefore it is a
preferable composition inhibiting the deterioration of the light emitting characteristics. Therefore, the host material struc-
ture of the phosphor is preferable to be a structure which is represented by "n = 2/3m + a + 4/3b - 2/30" being the
above-described composition formula MmAaBbOoNnN: Z, so that the host material structure of the phosphor has a
chemically stable structure.

[0037] Further, inthe phosphor having the host material structure of the above-described composition formula MmAaB-
bOoNn: Z, the element M is a plus divalent element, the element A is a plus trivalent element, the element B is a plus
tetravalent element, oxygen is a minus divalent element, and nitrogen is a minus trivalent element, so that it becomes
"m = a =b = 1" which makes the host material structure of the phosphor becomes more stable chemical compound, and
thus it is preferable. In this case, the preferable range of the content of nitrogen in the chemical compound is defined
by the content of oxygen in the host material structure. When "m =a =b = 1", the range is represented by "n =3 -2/
30" (note that "0 (zero) = o = 1"). However, in any case, a slight displacement of the composition from the composition
formula of the host material structure can be allowed.

[0038] On the occasion of producing a phosphor sample according to the embodiment 1, as raw materials of the
element M (plus divalent), the element A (plus trivalent), and the element B (plus tetravalent), the chemical compound
of either a nitride or an oxide thereof may be used. For example, the nitride (M3N,)/oxide (MO) of the element M, the
nitrides (AN, B3N,) of the element A and the element B may be used and mixed together. By controlling the compounding
ratio of both of the nitride and the oxide, the oxygen amount and the nitrogen amount in the course of sampling can be
controlled without changing the value of "m". Of course, the nitride and the oxide do not mean to limit to a chemical
compound combined only with oxygen and a chemical compound combined only with nitrogen, but they mean, for
example, a chemical compound including a corresponding element such as carbonate, oxalate, or the like, which de-
composes during firing and practically becomes the oxide, and oxygen, and also the nitride means a chemical compound
including the element and nitrogen. However, in the following explanation, the oxide of the element as a chemical
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compound including the element and oxygen, and the nitride of the element as a chemical compound including the
element and nitrogen are explained as examples, for convenience.

[0039] For example, when the conditions of weighing are "m = a = b = 1" and the mole ratio of oxygen being "o =
0.25", the respective raw materials may be weighed with the mole ratio of "M3N,: MO: AN: BsN,= 0.75: 0.75: 3: 1", but
it may also be weighed with the mole ratio of "M3N,: AN: A,O3: B3N,= 1: 2.5: 0.25: 1". Furthermore, at this time, when
the element Z being the activator is, for example, a divalent element, the element Z substitute a part of the element M.
Therefore when it is represented by MmAaBbOoNn: Zz considering this substitution, "(m + z) = a = b = 1" is preferable.
Thus, the host material structure of the phosphor sample is able to have the chemically stable structure, and the phosphor
with high efficiency and high luminance can be obtained.

[0040] The element M is preferable to be at least one or more elements selected from Be, Mg, Ca, Sr, Ba, Zn, Cd,
and Hg, and moreover, it is preferable to be at least one or more elements selected from Mg, Ca, Sr, Ba, and Zn.
[0041] The element A is preferable to be at least one or more elements selected from trivalent elements such as B
(boron), Al, Ga, In, T, Y, Sc, P, As, Sb, and Bi, and moreover, it is preferable to be Al. As Al, AIN being the nitride is
used as a general heat conductive material and a structural material, so it is easy to obtain and low in price, and in
addition, an environmental load thereof is low. Therefore it is preferable.

[0042] The element B is preferable to be at least one or more elements selected from tetravalent elements such as
C, Si, Ge, Sn, Ti, Hf, Mo, W, Cr, Pb, and Zr, and moreover, it is preferable to be Si. As Si, SizN, being the nitride is used
as the general heat conductive material and the structural material, so it is easy to obtain and low in price, and in addition,
an environmental load thereof is low. Therefore it is preferable.

[0043] The element Z is preferable to be at least one or more elements selected from the rare-earth elements or the
transition metal elements, but the light emission of the phosphor is preferable to be a spectrum with a wide half value
width so that, for example, the white light source and the white LED, using the phosphor exhibit the color rendering
properties. From this point of view, the element Z is preferable to be at least one or more elements selected from Eu,
Mn, Sm, and Ce. Above all, if Eu is used, the phosphor shows a strong light emission from orange to red, so that the
emission efficiency and the color rendering properties become high, and it is more preferable as the activator of the
phosphor for the white illumination and the white LED.

[0044] Incidentally, depending on the type of the element Z which substitute a part of the element M in the host material
structure of the phosphor, the phosphor emitting the lights of a different wavelength can be obtained.

[0045] By the element M, the element A, the element B, and the element Z having the above-described structure, the
luminescence intensity and the luminance of the phosphor become high.

[0046] When the phosphor according to the embodiment 1 is used in a powder form, the average particle size of the
phosphor powder is preferable to be 20 wm or smaller. This is because the light emission of the phosphor powder is
considered to be produced mainly on the particle surface, and therefore, if the average particle size is 20 pm or smaller,
a surface area per a powder unit weight can be secured and the deterioration of the luminance can be avoided. In
addition, when the powder is turned into a paste form and it is coated on the light emitting element and so on, the density
of the powder can be increased, and also from this point of view, the deterioration of the luminance can be avoided.
Besides, by the investigation of the inventors of the present invention, it also turned out that the average particle size is
preferable to be 0.1 wm or larger from the point of view of the emission efficiency of the phosphor powder, though the
detailed reason is not clear. From the reasons stated above, the average particle size of the phosphor powder according
to the embodiment 1 is preferable to be 0.1 wm or larger and 20 pm or smaller.

[0047] As is described above, the phosphor according to the embodiment 1 has a good excitation band in the wide
range from ultraviolet light to green light (wavelength region from 250 nm to 550 nm), and the light emission of the
phosphor is the spectrum with a wide half value width. Therefore by the combination with the light emitting portion emitting
ultraviolet light to green light, the light source and the LED of monochromatic or white color with high luminance and
good color rendering properties and further a lighting unit including those can be obtained.

[0048] Next, an example of producing method of the phosphor according to the embodiment 1 is described using
CaAlSiN, g30q »5: Eu (note that "z/(m + z) = 0.015") as an example.

[0049] First, an oxide type raw material and a nitride type raw material of the element M, the nitride type raw material
of the element A, and the nitride type raw material of the element B are prepared. Incidentally, the oxide type raw material
of the element A and/or that of the element B may be used if desired.

[0050] The respective oxide type raw materials and nitride type raw materials may be commercially available raw
materials. Since they are preferred to have high purity, raw materials of 2N or higher, or more preferably 3N or higher
are prepared. Generally, the particle size of the respective raw material particles are preferable to be fine particles from
the point of view of enhancing the reaction, but the particle size and the form of the obtained phosphor will change
depending on the particle size and form of the raw materials. Therefore, in accordance with the required particle size of
the finally obtained phosphor, the nitride type raw material and the oxide type raw material having approximate particle
size may be prepared.

[0051] A raw material of the element Z may be a commercially available oxide type raw material. Since it is preferred
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to have high purity, a raw material of 2N or higher, or more preferably 3N or higher is prepared. Incidentally, the oxygen
contained in the oxide type raw material of the element Z is also supplied to the master composition of the phosphor,
so that when composition of the above-described element M raw material, element A raw material, and element B raw
material is studied, the amount of oxygen supplied from the oxide type raw material is preferable to be considered.
[0052] In the production of CaAlISiN, g30q »5: Eu (note that it is set as "z/(m + z) = 0.015"), as two kinds of the nitride
and the oxide of the element M and the nitride of the element A and the element B, for example, CasN, (2N), CaO (2N),
AIN (3N), and Si3N, (3N) may be prepared respectively. As the element Z, Eu,05 (3N) may be prepared.

[0053] The respective raw materials are weighed and mixed so that these raw materials have the mole ratio of the
respective elements becomes "'m:a:b:z2=0.985:1:1:0.015".

[0054] The weighing and mixing of the materials are convenient to be operated in the glove box under an inert atmos-
phere. If the operation is performed in the atmosphere, the oxygen concentration ratio contained in the host material
structure elements is broken by the oxidization or the decomposition of the sample, so that the light emitting characteristic
is possible to be deteriorated, and in addition, it is possible to cause a problem of being displaced from the objective
composition of the phosphor. Besides, the nitrides of the respective raw material elements are easy to be influenced by
moisture, so that it is preferable to use an inert gas in which the moisture is fully removed. When the nitride type raw
materials are used as the respective raw material elements, a dry mixing is preferable as the mixing method so as to
avoid the decomposition of the raw materials, and it may be a normal dry mixing method using a ball mill, a mortar, or
the like.

[0055] When the mixture is completed, the raw materials are put into a crucible, then retained and fired for three hours
in the inert atmosphere of nitrogen or the like, at 1000°C or higher, preferably at 1400°C or higher, and more preferably
at 1500°C. At this time, the material of the crucible to be used is preferable to be a material which is possible to be used
in the inert atmosphere such as boron nitride (BN), alumina, carbon, silicon nitride, aluminum nitride, sialon, SiC, and
so on, and the purity of the crucible is preferred to be high. For example, the BN crucible in high purity is preferable. The
higher the firing temperature is, the faster the firing proceeds, so the retaining time can be shorten. Even if the firing
temperature is low, the objective light emitting characteristic can be obtained by retaining the material for a long time.
The longer the firing time is, the more the particle growth proceeds, and the particle size becomes large, so that a desired
firing time can be set according to the objective particle size. After the firing is completed, the fired materials are put out
of the crucible, and they are pulverized to be a predetermined average particle size by using a pulverizing means such
as a mortar, a ball mill, or the like to thereby produce the phosphor having the composition formula CaAISiN, g0 »5: Eu.

(Application method for an LED or a light source)

[0056] Whenan LED as a light source which emits white light or the like for example is produced by using the powdered
phosphor according to the embodiment 1, for example, a BAM: Eu being a commercially available blue phosphor and,
for example, a ZnS: Cu, Al being a commercially available green phosphor mixed at a predetermined ratio. The prede-
termined ratio can be determined by preparing mixed samples of the respective phosphors at the compounding ratio
obtained by defining an objective color temperature (for example, 6500 K) and performing the combination simulation
of the emission spectrum waveforms of the respective phosphors, and then light emitting the mixed samples and read-
justing the mixture ratio from the result of the light emission. The above-described phosphor mixture may be filled to the
ultraviolet, ultraviolet to blue, ultraviolet to green, or green LED by the publicly known method. The LED emitting white
and other various lights with good color rendering properties can be produced by this way. Also when other light sources
are used instead of the LED, the light sources emitting white and other various lights with good color rendering properties
can be produced by the same operation.

(Embodiment 2)

[0057] Next, a phosphor represented by a composition formula MmAaBbNn:Z (note that the element M is one or more
kind of divalent element, the elements A is one or more kind of trivalent elements, the element B is one or more kind of
tetravalent elements, the N is nitrogen, and the element Z is an activator.) according to an embodiment 2 will be described
with reference to the drawing.

[0058] First, an excitation light which can be used by a red phosphor according to the embodiment 2 is described with
reference to FIG 2. FIG 2 is the similar kind of graph of an excitation spectrum described in the embodiment 1, and
showing the excitation spectrum of an example (CaAISiN5: Eu) of the red phosphor according to the embodiment 2.
(Note that when the phosphor is excited by an excitation light of 460 nm, the emission maximum was 656.0 nm in this
embodiment, so that monochromatic excitation lights are irradiated on the phosphor while changing the wavelength
sequentially from 250 nm to 600 nm, then the intensity of the spectrum being light emitted by the phosphor when the
wavelength is 656.0 nm is measured, and the luminescence intensity is plotted.)

[0059] Asitis obvious from FIG 2, the red phosphor according to the embodiment 2 also shows a plain light emission
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at substantially the same luminescence intensity relative to the excitation lights in the range from ultraviolet light of 250
nm to green light of 550 nm similar to the phosphor according to the embodiment 1.

[0060] Next, the light emission when the above-described red phosphor according to the embodiment 2 is excited by
the excitation light in the range from ultraviolet light of 250 nm to green light of 550 nm h is described.

[0061] The emission maximum, a relative luminescence intensity, and a value of a half value width of the phosphor
according to the embodiment 2, when it is excited by the lights having wavelengths of 254 nm, 300 nm, 380 nm, 405
nm, 460 nm, 516.2 nm, and 550 nm as the excitation lights are shown in Table 2.

[Table 2]
EXCITATION EMISSION MAXIMUM | RELATIVE INTENSITY (%) | HALF VALUE WIDTH (nm)
WAVELENGTH (nm) (nm)
254.0 656.0 93.3% 87.5
300.0 656.0 83.8% 88.0
380.0 656.5 72.8% 86.7
405.0 655.9 74.2% 87.6
460.0 656.0 86.8% 87.3
516.2 657.5 100.0% 86.5
550.0 658.4 95.0% 85.5

[0062] As itis obvious from measured results shown in Table 2, when the lights having wavelengths from 250 nm to
550 nm are sequentially irradiated on the phosphor as a monochromatic excitation light, the maximum of luminescence
intensities is defined as Py, and the minimum of luminescence intensities is defined as P, . When the wavelength of the
excitation light is 516.2 nm, the emission maximum becomes 657.5 nm, and the luminescence intensity becomes a
maximum value. Therefore, the value at this time is set as P, = 100%. On the other hand, when the wavelength of the
excitation light is 380.0 nm, the emission maximum becomes 656.5 nm, and the luminescence intensity becomes a
minimum value. Then the value at this time is P| = 72.8%. Therefore, Py / P = 1.37, and when a case that the excitation
light is used to provide a maximum efficiency to the phosphor is compared to a case that the excitation light is used to
provide a minimum efficiency, the difference between both efficiencies is within 30%. Therefore it turned out that the
phosphor can fully use the wide range of lights effectively from ultraviolet light to green light as the excitation lights.
Further, it turned out that the half value width is 85 nm or more relative to the excitation lights having wavelengths from
250 nm to 550 nm.

[0063] That is to say, it turned out that the red phosphor according to the embodiment 2 can also use various light
sources emitting a light of any one of the light from ultraviolet light to green light as a light source for excitation similarly
to the phosphor according to the embodiment 1. Further, when it is used by mixing with other color phosphors emitting
other color lights, it can be used in a wide range, flexibly, by mixing with other color phosphors having various excitation
spectra respectively. By a combination with the various light sources and other color phosphors, white light and other
various lights having good color rendering properties can be obtained.

[0064] Next, a structure of the phosphor according to the embodiment 2 is described.

[0065] The phosphor according to the embodiment 2 is the phosphor having a quaternary host material structure
represented by the composition formula MmAaBbNn: Z when it is represented by a general formula. Here, the element
M is at least one or more kind of elements selected from the divalent elements in the phosphor. The element A is at
least one or more kind of trivalent elements in the phosphor. The element B is at least one or more kind of tetravalent
elements in the phosphor. The N is nitrogen. The element Z is an element which acts as an activator in the phosphor,
and at least one or more kind of elements selected from rare-earth elements or transition metal elements. When the
host material structure of the phosphor has a chemically stable structure, an impurity phase which does not contribute
to a light emission is difficult to arise in the host material structure, therefore it is a preferable composition inhibiting the
deterioration of the light emitting characteristics. Therefore, the host material structure of the above-described phosphor
is preferable to be a structure which is represented by "n = 2/3m + a + 4/3b" being the above-described composition
formula MmAaBbNn: Z, so that the host material structure of the phosphor have a chemically stable structure.

[0066] Further, in the phosphor having the host material structure of the above-described composition formula
MmAaBbNn: Z, the element M is a plus divalent element, the element A is a plus trivalent element, the element B is a
plus tetravalent element, and nitrogen is a minus trivalent element so that it becomes "m =a=b =1", and the composition
does not contain oxygen, which make the host material structure of the phosphor become more stable chemical com-
pound, and therefore it is preferable. However, in any case, a slight displacement from the composition formula of the
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host material structure can be allowed.

[0067] On the occasion of producing a phosphor sample according to the embodiment 2, as raw materials of the
element M (plus divalent), the element A (plus trivalent), and the element B (plus tetravalent), either the respective
nitrides or metal may be used. For example, the metal of the element M or the nitride (M3N,) of the element M, the
nitrides (AN, B3N,) of the element A and the element B may be used and mixed together. Of course, the nitride does
not mean to limit to a chemical compound combined only with nitrogen, but it means a chemical compound including a
corresponding element and nitrogen such as imide, for example, which decomposes during firing and practically becomes
a nitride. However, in the following explanation, the nitride of the element as a chemical compound including the element
and nitrogen are explained as an example, for convenience.

[0068] Forexample, in the production of CaAlSiN,: Eu, as the nitrides of the element M, the element A, and the element
B, CasN, (2N), AIN (3N), SisN,4 (3N) may be prepared respectively. As the element Z, Eu,05 (3N) may be prepared.
The respective nitrides may be a commercially available raw material. Since they are preferred to have high purity, raw
materials of 2N or higher, or more preferably 3N or higher are prepared. As the raw material of the element Z, an oxide
may be prepared, which may be a commercially available raw material. Since it is preferred to have high purity, a raw
material of 2N or higher, or more preferably 3N or higher is prepared.

[0069] The respective raw materials may be weighed with the mole ratio of "M3;N,: AN: B3N,= 1: 3: 1". Furthermore,
at this time, when the element Z being an activator is for example a divalent element, the element Z substitute a part of
the element M. Therefore when it is represented by MmAaBbNn: Zz considering this substitution, "(m+z)=a=b=1"
is preferable. Thus, the host material structure of the phosphor sample is able to have a chemically stable structure, and
a phosphor with high efficiency and high luminance can be obtained.

[0070] The element M is preferable to be at least one or more elements selected from Be, Mg, Ca, Sr, Ba, Zn, Cd,
and Hg, and moreover, it is preferable to be at least one or more elements selected from Mg, Ca, Sr, Ba, and Zn. For
example, it can be a single Ca, or a mixture of Ca, Sr, and so on.

[0071] The element A is preferable to be at least one or more elements selected from trivalent elements such as B
(boron), Al, Ga, In, TI, Y, Sc, P, As, Sb, and Bi. For example, it can be a single Al, or a mixture of Al, Ga, and so on. It
is more preferable to be Al. As Al, AIN being the nitride is used as a general heat conductive material and a structural
material, so it is easy to obtain and low in price, and in addition, an environmental load thereof is low. Therefore it is
preferable.

[0072] The element B is preferable to be at least one or more elements selected from tetravalent elements such as
C, Si, Ge, Sn, Ti, Hf, Mo, W, Cr, Pb, and Zr. For example, it can be a single Si, or a mixture of Si, Ge, and so on. It is
more preferable to be Si. As Si, SizN,4 being the nitride is used as the general heat conductive material and the structural
material, so it is easy to obtain and low in price, and in addition, an environmental load thereof is low. Therefore it is
preferable.

[0073] The element Z is preferable to be at least one or more elements selected from rare-earth elements or transition
metal elements, but the light emission of the phosphor is preferable to be a spectrum with a wide half value width so
that, for example, a white light source and a white LED using the phosphor exhibit the color rendering properties. From
this point of view, the element Z is preferable to be at least one or more elements selected from Eu, Mn, and Ce. Above
all, if Eu is used, the phosphor shows a strong light emission from orange to red, so that the emission efficiency and the
color rendering properties become high, and it is more preferable as the activators of the phosphor for a white illumination
and a white LED.

[0074] Incidentally, depending on the type of the element Z which substitutes a part of the element M in the host
material structure of the phosphor, the phosphor emitting lights of different wavelengths can be obtained.

[0075] By the element M, the element A, the element B, and the element Z having the above-described structure, the
luminescence intensity and the luminance of the phosphor become high.

[0076] When the phosphor according to the embodiment 2 is used in a powder form, the average particle size of the
phosphor powder is preferable to be 20 wm or smaller. This is because the light emission of the phosphor powder is
considered to be produced mainly on the particle surface, and therefore, when the average particle size is 20 pm or
smaller, a surface area per a powder unit weight can be secured and the deterioration of the luminance can be avoided.
In addition, when the powder is turned into a paste form and it is coated on the light emitting element and so on, the
density of the powder can be increased, and the deterioration of the luminance can be avoided also from this point of
view. Besides, by the investigation of the inventors of the present invention, it also turned out that the average particle
size is preferably to be 0.1 pum or larger from the point of view of the emission efficiency of the phosphor powder, though
the detailed reason is not clear. From the reasons stated above, the average particle size of the phosphor powder
according to the embodiment 2 is preferably to be 0.1 wm or larger and 20 pm or smaller.

[0077] Asdescribed above, the phosphor according to the embodiment 2 has a good excitation band in the wide range
from ultraviolet light to green light (wavelength region from 250 nm to 550 nm), and the light emission of the phosphor
is a spectrum with a wide half value width. Therefore by the combination with a light emitting portion emitting ultraviolet
to green light, a light source and an LED of monochromatic or white color with high luminance and good color rendering
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properties and in addition, a lighting unit including these can be obtained.

[0078] Next, an example of producing method of the phosphor of CaAISiN5: Eu according to the embodiment 2 is
described. In the production of CaAlSiN5: Eu (note that it is set as "z/(m + z) = 0.015"), as nitrides of the element M, the
element A, and the element B, for example, CasN, (2N), AIN (3N), and Si3N, (3N) may be prepared respectively. As
the element Z, Eu,04 (3N) is prepared.

[0079] Therespective raw materials are weighed and mixed so that these materials have the mole ratio of the respective
elements to be "m: a: b: z= 0.985: 1: 1: 0.015".

[0080] The weighing and mixing of the raw materials are convenient to be operated in the glove box under an inert
atmosphere. This is because if the operation is performed in the atmosphere, the oxygen concentration ratio contained
in the host material structure elements is broken by the oxidization or the decomposition of the sample, so that the light
emitting characteristic is possible to be deteriorated, and in addition, it is possible to cause a problem of being displaced
from the objective composition of the phosphor. Besides, the nitrides of the respective raw material elements are easy
to be influenced by moisture, so that it is preferable to use an inert gas from which the moisture is fully removed. When
the nitride type raw materials are used as the respective raw material elements, a dry mixing is preferable as the mixing
method so as to avoid the decomposition of the raw materials, and it may be a normal dry mixing method using a ball
mill, a mortar, or the like.

[0081] When the mixture is completed, the raw materials are put into a crucible, and then retained and fired for three
hours in the inert atmosphere of nitrogen or the like, at 1000°C or higher, preferably at 1400°C or higher, and more
preferably at 1500°C. At this time, the material of the crucible to be used is preferable to be the material which is possible
to be used in the inert atmosphere such as boron nitride (BN) alumina, carbon, silicon nitride, aluminum nitride, sialon,
SiC, and soon, and the purity of the crucible is preferred to be high. For example, the BN crucible in high purity is preferable.
[0082] The higher the firing temperature is, the faster the firing proceeds, so the retaining time can be shorten. Even
if the firing temperature is low, the objective light emitting characteristic can be obtained by retaining the material for a
long time. The longer the firing time is, the more the particle growth proceeds, and the particle size becomes large, so
that a desired firing time can be set according to the objective particle size. After the firing is completed, the fired materials
are put out of the crucible, and the materials are pulverized to be a predetermined average particle size by using a
pulverizing means such as a mortar, a ball mill, or the like to thereby produce the phosphor having the composition
formula CaAlISiN3: Eu.

(Application method for an LED or a light source)

[0083] Whenan LED as a light source which emits white light or the like for example is produced by using the powdered
phosphor according to the embodiment 2, a BAM: Eu, for example, being a commercially available blue phosphor, and
a ZnS: Cu, Al, for example, being a commercially available green phosphor are mixed at a predetermined ratio. The
predetermined ratio can be determined by preparing mixed samples of the respective phosphors at the compounding
ratio obtained by defining an objective color temperature (for example, 6500 K) and performing the combination simulation
of the emission spectrum waveforms of the respective phosphors, and then light emitting the mixed samples and read-
justing the mixture ratio from the result of the light emission. The above-described phosphor mixture may be filled to the
ultraviolet, ultraviolet to blue, ultraviolet to green, or green LED by the publicly known method. The LED emitting white
and other various lights with good color rendering properties can be produced by this way. Also, when other light sources
are used instead of the LED, the light sources emitting white and other various lights with good color rendering properties
can be produced by the same operation.

(Embodiment 3)

[0084] Next, a phosphor represented by a composition formula MmBbOoNn:Zz (note that the element M is one or
more kind of divalent elements, the element B is one or more kind of tetravalent elements, the O is oxygen, the N is
nitrogen, and the element Z is an activator.) according to the present invention will be described with reference to the
drawings. In an embodiment 3, two kinds of phosphors when Ca is used as the element M, and when Sr is used as the
element M are described.

[0085] First, an excitation light which can be used by an orange phosphor in which Ca is used as the element M
according to the embodiment 3 is described with reference to FIG 3. FIG 3 is the same kind of graph as the graph of
the excitation spectrum described in the embodiment 1, and showing an example (Ca4 31Si304 1gN4 55: EUg g41) Of the
orange phosphor in which Ca is used as the element M according to the embodiment 3. (Note that when the phosphor
is excited by the excitation light of 460 nm, the emission maximum was 610.6 nm in this embodiment, so that mono-
chromatic excitation lights are irradiated on the phosphor while changing the wavelength sequentially from 250 nm to
600 nm, the intensity of the spectrum being light emitted by the phosphor when the wavelength is 610.6 nm is measured,
and the luminescence intensity is plotted.)
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[0086] As it is obvious from FIG 3, the orange phosphor in which Ca is used as the element M according to the
embodiment 3 also shows a plain light emission at substantially the same luminescence intensity relative to the excitation
lights in the range from ultraviolet light of 250 nm to green light of 550 nm similarly to the phosphor according to the
embodiment 1.

[0087] Next, the light emission of the above-described orange phosphor in which Cais used as the element M according
to the embodiment 3 when it is excited by the excitation light in the range from ultraviolet light of 250 nm to green light
of 550 nm is described.

[0088] An emission maximum, a relative luminescence intensity, and a value of a half value width of the phosphor in
which Ca is used as the element M according to the embodiment 3, when it is excited by the lights having wavelengths
of 254 nm, 300 nm, 380 nm, 405 nm, 460 nm, 509.9 nm, and 550 nm as the excitation lights are shown in Table 3.

[Table 3]
EXCITATION EMISSION MAXIMUM | RELATIVE INTENSITY (%) | HALF VALUE WIDTH (nm)
WAVELENGTH (nm) (nm)
254.0 609.0 74.0% 99.6
300.0 609.1 71.2% 99.6
380.0 608.1 71.4% 99.5
405.0 609.0 75.2% 99.2
460.0 610.6 82.6% 98.0
509.9 610.9 100.0% 97.1
550.0 614.5 62.8% 95.0

[0089] As itis obvious from measured results shown in Table 3, when the lights having wavelengths from 250 nm to
550 nm are sequentially irradiated on the phosphor as a monochromatic excitation light, the maximum of luminescence
intensities is defined as Py, and the minimum of luminescence intensities e is defined as P . When the wavelength of
the excitation light is 509.9 nm, the emission maximum becomes 610.9 nm, and the luminescence intensity becomes a
maximum value. Therefore, the value at this time is set as Py = 100%. On the other hand, when the wavelength of the
excitation light is 550 nm, the emission maximum becomes 614.5 nm, and the luminescence intensity becomes a
minimum value. Then, the value at this time is P|_ = 62.8%. Therefore, Py / P|_ = 1.59, and when a case that the excitation
light is used to provide a maximum efficiency to the phosphor is compared to a case that the excitation light is used to
provide a minimum efficiency, the difference between both efficiencies is within 40%. Thus, it turned out that the phosphor
can fully use the wide range of lights effectively from ultraviolet light to green light as the excitation lights. Further, it
turned out that the half value width is 95 nm or more relative to the excitation lights having wavelengths from 250 nm to
550 nm.

[0090] That is to say, it turned out that the orange phosphor in which Ca is used as the element M according to the
embodiment 3 can also use various light sources emitting any one of the lights from ultraviolet light to green light as a
light source for excitation similarly to the phosphors according to the embodiment 1 and the embodiment 2. Further,
when it is used by mixing with other color phosphors emitting other color lights, it can be used in the wide range, flexibly,
by mixing with other color phosphors having various excitation spectra respectively. By a combination with the various
light sources and other color phosphors, white light and other various lights having good color rendering properties can
be obtained.

[0091] Furthermore, an excitation light which can be used by an orange phosphor in which Sr is used as the element
M according to the embodiment 3 is described with reference to FIG 4. FIG 4 is the same kind of graph as the graph of
the excitation spectrum described in the embodiment 1, and showing an example (Sr; ggSi304 17N3 28: Eug ggg) Of the
red phosphor in which Sr is used as the element M according to the embodiment 3. (Note that when the phosphor is
excited by the excitation light of 460 nm, the emission maximum was 631.3 nm in this embodiment, so that monochromatic
excitation lights are irradiated on the phosphor while changing the wavelength sequentially from 250 nm to 600 nm, the
intensity of the spectrum being light emitted by the phosphor when the wavelength of 631.3 nm is measured, and the
luminescence intensity is plotted.)

[0092] As it is obvious from FIG 4, the orange phosphor in which Sr is used as the element M according to the
embodiment 3 shows a plain light emission at substantially the same luminescence intensity relative to the excitation
lights in the range from ultraviolet light of 250 nm to green light of 550 nm similarly to the phosphor according to the
embodiment 1.

[0093] Next, the light emission of the above-described orange phosphorin which Sris used as the element M according
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to the embodiment 3, when it is excited by the excitation light in the range from ultraviolet light of 250 nm to green light
of 550 nm is described.

[0094] An emission maximum, a relative luminescence intensity, and a value of a half value width of the phosphor in
which Sris used as the element M according to the embodiment 3, when it is excited by the lights having wavelengths
of 254 nm, 300 nm, 380 nm, 405 nm, 460 nm, 514.8 nm, and 550 nm as the excitation lights are shown in Table 4.

[Table 4]
EXCITATION EMISSION MAXIMUM RELATIVE INTENSITY (%) | HALF VALUE WIDTH (nm)
WAVELENGTH (nm) (nm)
254.0 631.3 81.0% 95.6
300.0 631.3 76.2% 96.6
380.0 628.7 65.1% 94.0
405.0 631.2 79.9% 95.0
460.0 631.3 90.1% 94.7
514.8 631.2 100.0% 94.2
550.0 632.8 83.2% 93.5

[0095] As itis obvious from measured results shown in Table 4, when the lights having wavelengths from 250 nm to
550 nm are sequentially irradiated on the phosphor as a monochromatic excitation light, the maximum of luminescence
intensities is defined as Py, and the minimum of luminescence intensities is defined as P_. When the wavelength of the
excitation light is 514.8 nm, the emission maximum becomes 631.2 nm, and the luminescence intensity becomes a
maximum value. Therefore, the value at this time is set as Py = 100%. On the other hand, when the wavelength of the
excitation light is 380.0 nm, the emission maximum becomes 628.7 nm, and the luminescence intensity becomes a
minimum value. Then, the value at this time is P|_ = 65.1%. Therefore, P,/ P = 1.54, and when a case that the excitation
light is used to provide a maximum efficiency to the phosphor is compared to a case that the excitation light is used to
provide a minimum efficiency, the difference between both efficiencies is within 40%. Thus, it turned out that the phosphor
can fully use the wide range of lights effectively from ultraviolet light to green light as the excitation lights. Further, it also
turned out that the half value width is 93 nm or more relative to the excitation lights having wavelengths from 250 nm to
550 nm.

[0096] Thatis to say, the orange phosphor in which Sr is used as the element M according to the embodiment 3 can
use various light sources emitting any one of the lights from ultraviolet light to green light as a light source for excitation
similarly to the phosphors according to the embodiment land the embodiment 2 in which Ca is used as the element M.
Further, when it is used by mixing with other color phosphors emitting other color lights, it can be used in the wide range,
flexibly, by mixing with other color phosphors having various excitation spectra respectively. By the combination with
the various light sources and other color phosphors, white light and other various lights having good color rendering
properties can be obtained.

[0097] Here, a structure of the phosphor according to the embodiment 3 is described.

[0098] The phosphor according to the embodiment 3 is the phosphor having a host material structure represented by
the general formula MmBbOoNnN: Z.

[0099] Here, the element M is a divalent element in the phosphor. The element B is Si, the O is oxygen, and the N is
nitrogen. The element Z is an element which acts as an activator in the phosphor. When "'m=a+p,b=3,0=a+q,
andn=4+r", "a"is in the range of "0 (zero) < a = 10", more preferably, in the range of "0 (zero) <a = 6", "p" is "-a/2
<p<al2""q"is"-a/l2<q<2a",and"r'"is "-2 <r < 2". When the phosphor has such a host material structure, it becomes
to be the phosphor with a high emission efficiency.

[0100] The element M is preferable to be at least one or more elements selected from Be, Mg, Ca, Sr, Ba, Zn, Cd,
and Hg, and moreover, it is preferable to be at least one or more elements selected from Mg, Ca, Sr, Ba, and Zn. For
example, it can be a single Ca, or a mixture of Ca, Sr, and so on.

[0101] The element Z being the activator is preferable to be at least one or more elements selected from rare-earth
elements or transition metal elements. By the element M and the element Z taking the above-described structure, the
emission efficiency of the phosphor becomes higher.

[0102] When the element Z being the activator is at least one or more elements selected from Eu, Ce, and Mn, the
emission efficiency of the aforementioned phosphor becomes higher and it is the more preferable composition.

[0103] In addition, when the element Z is Eu, the emission wavelength of the phosphor shows an orange wavelength,
so that the orange based phosphor for white light emitting unit with a good emission efficiency can be obtained, therefore
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it is a preferable composition.

[0104] Here, when the element M is Ca and/or Sr, and the element Z is Eu, it is easy to obtain the raw materials, an
environmental load is low, and furthermore the emission wavelength of the phosphor shows orange wavelength, so that
the orange based phosphor capable of producing the white light emission with the good emission efficiency can be
obtained. Therefore it is a preferable composition.

[0105] In the phosphor according to the embodiment 3, the additive amount of the element Z is preferable to be in a
range of 0.0001 mole or more and 0.5 mole or less relative to 1 mole of the corresponding element M. When the additive
amount of the element Z is within the aforementioned range, the deterioration of the emission efficiency due to the
concentration quenching caused by the excessive content of the activator Z can be avoided. At the same time, the
deterioration of the emission efficiency due to the insufficient amount of light emission contributing atoms caused by the
insufficient content of the activator can also be avoided. Depending on the kind of the activator element Z to be added,
the optimum amount of the element Z to be added is somewhat different. But more preferably, when it is in the range
of 0.0005 mole or more and 0.1 mole or less, the high emission efficiency can be obtained.

[0106] The phosphor obtained in the embodiment 3 emits a light by receiving a light of wide excitation range from 250
nm to 550 nm, so that by the combination with the light sources which emit ultraviolet to green lights, light sources
emitting white and other various lights with good color rendering properties can be produced.

[0107] Besides, the phosphor obtained in the embodiment 3 emits a light by receiving a light of wide excitation range
from 250 nm to 550 nm, so that, by the combination with the LED light emitting portion emitting ultraviolet to green lights,
the LED emitting white and other various lights with good color rendering properties can be produced.

[0108] The producing method of the phosphor according to the embodiment 3 is described by the production of the
phosphor in which the element M is Ca, the element B is Si, and the element Z is Eu as an example.

[0109] As raw materials of Ca being the element M, the oxide, carbonate, hydroxide, and nitride of Ca can be used.
As raw materials of Si being the element B, SisN, and SiO, can be preferably used. As raw materials of nitrogen, SizN,4
or the nitride of the element M (for example, the nitride of Ca) can be preferably used. As raw materials of Eu being the
element Z, Eu,03 can be preferably used. The respective raw materials may be commercially available raw materials.
Since they are preferred to have high purity, raw materials of 2N or higher, or more preferably 3N or higher are prepared.
[0110] In the production of the phosphor in which the element M is Ca, the chemical compounds such as CaO (3N),
CaCOj3 (3N), Ca(OH), (3N), and so on may be prepared as the raw materials of the element M. Eu,05 (3N) may be
prepared as the raw material for the element Z. SisN, (3N) may be prepared as the raw materials of Si and N.

[0111] In the compounding of these raw materials, the respective raw materials are weighed, for example, to have a
mole ratio of "CaO: SizN4: Eu,03= 1.2125: 1: 0.01875". To mix the weighed raw materials, a normal mixing method
using a mortar and so on may be used. The mixture can be performed in the atmosphere, but when CaO and Ca(OH),
are used as the raw materials, they may react to the moisture and carbon dioxide in the atmosphere, and the conformation
change can happen, or SizN, of the raw material may be oxidized by oxygen in the atmosphere, so that the mixture is
preferable to be performed under an inert atmosphere from which the moisture is removed. For example, operation in
a glove box under the inert atmosphere is convenient. The inert gas from which the moisture is fully removed is good
to use. When the nitride type raw materials are used as the respective raw material elements, a dry mixing is preferable
as the mixing method so as to avoid the decomposition of the raw materials, and it may be a normal dry mixing method
using a ball mill, a mortar, or the like.

[0112] When the mixture is completed, the raw materials are put into a crucible, and then retained and fired for 24
hours in the inert atmosphere of nitrogen or the like, at 1000°C or higher, preferably at 1400°C or higher, and more
preferably at 1600°C. The material of the crucible to be used is preferable to be a material which is possible to be used
in the inert atmosphere such as boron nitride (BN), alumina, carbon, silicon nitride, aluminum nitride, sialon, SiC, and
so on, and the purity of the crucible is preferred to be high. For example, the BN crucible in high purity is preferable.
[0113] The higher the firing temperature is, the faster the firing proceeds, so the retaining time can be shorten. Even
if the firing temperature is low, the objective light emitting characteristic can be obtained by retaining the material for a
long time. The longer the firing time is, the more the particle growth proceeds, and the particle size becomes large, so
that a desired firing time can be set according to the objective particle size. After the firing is completed, the fired materials
are put out of the crucible, and the materials are pulverized to be a predetermined average particle size (preferably from
20 wm to 0.1 wm) by using a pulverizing means such as a mortar, a ball mill, or the like to thereby obtain the phosphor
in which the element M is Ca. As a result of a chemical composition analysis of the produced phosphor, it was
Cay 31Si301.18Ng 58 EUg 041-

[0114] As for the production method of the phosphor according to the above-described embodiment 3, the firing
temperature and the rising and lowering temperature speed are changed, the respective types of samples are prepared
while substituting the element M to Sr or the like other than Ca and substituting the element Z to Mn or the like other
than Eu, and while selecting the element M and the element Z, the tolerance range of the displacement in the composition
ratio of the host material structure of the phosphor is examined.

[0115] As a result, when the host material structure of the phosphor is represented by the general formula
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Ma+pSizOa4qNgsrt Z, "a" is in the range of "0 (zero) < a = 10", more preferably in the range of "0 (zero) <a = 6", "p"is
intherange of"-a/2<p<a/2" "q"isintherange of "-a/2 < q<2a",and "r"is in the range of "-2 <r < 2", the phosphor
is turned out to show a good emission efficiency.

[0116] The values of "a", "p", "q", and "r" can be controlled by the amount of oxygen and nitrogen contained in the
oxide, carbonate, hydroxide, and nitride of the element M being the raw materials of the element M, and the amount of
oxygen and nitrogen contained in SisN4, SiO, being the raw materials of Si. Therefore, by examining the compounding
of the respective raw materials while the host material structure of the phosphor being the objective of production is
taken into consideration, the phosphor having a predetermined host material structure can be produced.

[0117] As described above, the produced phosphor is used in the combination with the appropriate light emitting
portion such as the LED and so on. Therefore, the phosphor is preferable to be a powder form that is easy in the operation
of coating or filling, and so on. Here, the phosphor according to the embodiment 3 does not include aluminum easy to
be affected by the oxidization at the component part being a bone of the host material structure, and the phosphor has
a good resistance to oxidation because it contains oxygen. Therefore it is not required to control the atmosphere to be
the inert atmosphere or the like, and it is easy to pulverize the materials into the predetermined particle size in the
atmosphere. Here, from the point of view of the emission efficiency, the average particle size of the phosphor is preferable
to be 20 wm or smaller, and when the average particle size is 0.1 wm or larger, it is easy to pulverize the materials by
using a publicly known pulverizing method.

(Application method for an LED or a light source)

[0118] Whenan LED as a light source which emits white light or the like for example is produced by using the powdered
phosphor according to the embodiment 3, a BAM: Eu, for example, being a commercially available blue phosphor and,
a ZnS: Cu, Al, for example, being a commercially available green phosphor are mixed at a predetermined ratio. The
predetermined ratio can be determined by preparing mixed samples of the respective phosphors at the compounding
ratio obtained by defining an objective color temperature (for example, 6500 K) and performing the combination simulation
of the emission spectrum waveforms of the respective phosphors, and then light emitting the mixed samples, and
readjusting the mixture ratio from the result of the light emission. The above-described phosphor mixture may be filled
to the ultraviolet, ultraviolet to blue, ultraviolet to green, or green LED by the publicly known method. The LED emitting
white and other various lights with good color rendering properties can be produced by this way. Also, when other light
sources are used instead of the LED, the light sources emitting white and other various lights with good color rendering
properties can be produced by the same operation.

(Comparative Example 1)

[0119] Next, a phosphor of the comparative example 1 which is represented by the composition formula Y,0,S: Eu
according to the prior art is described with reference to the drawing.

[0120] First, an excitation light which can be used by a red phosphor according to the comparative example 1 is
described with reference to FIG 5. FIG 5 is the same kind of graph as the graph of the excitation spectrum described in
the embodiment 1. (Note that in this comparative example, when the phosphor is excited by an excitation light of 460
nm, the emission maximum was 626.2 nm, so that monochromatic excitation lights are irradiated on the phosphor while
changing the wavelength sequentially from 250 nm to 600 nm, the intensity of the spectrum which is light emitted by the
phosphor when the wavelength is 626.2 nm is measured, and the luminescence intensity is plotted.)

[0121] As itis obvious from FIG 5, being different from the phosphors in the embodiment 1 to the embodiment 3, it
turned out that the red phosphor according to the comparative example 1 shows a plain light emission at substantially
the same luminescence intensity relative to the excitation lights in the range from 250 nm to 380 nm of ultraviolet light,
but it turned out that it is not excited by the excitation light of visible light region having a wavelength of 380 nm or more.
[0122] Next, the light emission when the above-described red phosphor according to the comparative example 1 is
excited by the excitation light in the range from ultraviolet light of 250 nm to green light of 550 nm is described.

[0123] An emission maximum, a luminescence intensity, and a value of a half value width of the phosphor according
to the comparative example 1, when it is excited by the lights having wavelengths of 254 nm, 300 nm, 380 nm, 405 nm,
460 nm, 500 nm, and 550 nm as the excitation lights are shown in Table 5.

[Table 5]
EXCITATION EMISSION MAXIMUM | RELATIVE INTENSITY (%) | HALF VALUE WIDTH (nm)
WAVELENGTH (nm) (nm)
254.0 626.6 100.0% 4.9
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Table continued

EXCITATION EMISSION MAXIMUM | RELATIVE INTENSITY (%) | HALF VALUE WIDTH (nm)
WAVELENGTH (nm) (nm)
300.0 626.6 89.7% 4.9
380.0 626.6 26.9% 5.2
405.0 626.2 11.6% 5.2
460.0 626.2 0.5% 5.2
500.0 626.2 0.6% 4.9
550.0 626.2 1.9% 4.8

[0124] Asiitis obvious from the measured results shown in Table 5, when the lights having wavelengths from 250 nm
to 550 nm are sequentially irradiated on the phosphor as monochromatic excitation lights, the maximum of luminescence
intensities is defined as Py, and the minimum of luminescence intensities is defined as P, . When the wavelength of the
excitation light is 254 nm, the emission maximum becomes 626.6 nm, and the luminescence intensity becomes a
maximum value. Therefore, the value at this time is set as Py = 100%. On the other hand, when the wavelength of the
excitation light is 500 nm, the emission maximum becomes 626.2 nm, and the luminescence intensity becomes a
minimum value. Then, the value at this time is P = 0.60%. Therefore, P/ P = 167, and when a case that the excitation
light is used to provide a maximum efficiency to the phosphor is compared to a case that the excitation light is used to
provide a minimum efficiency, the difference between both efficiencies is the value nearly 100%. Therefore it turned out
that the phosphor is difficult to use the wide range of lights effectively from ultraviolet light to green light as the excitation
lights. Further, it turned out that the half value width is approximately 5 nm relative to the excitation lights having wave-
lengths from 250 nm to 550 nm.

[0125] That is to say, it turned out that the red phosphor according to the comparative example 1 is difficult to use
lights in the wide range from ultraviolet light to green light as the excitation light.

(Comparative Example 2)

[0126] Next, a phosphor of a comparative example 2 represented by the composition formula Ca,SigNg: Eu which is
described in Patent Document 5 is explained with reference to the drawing.

[0127] First, an excitation light which can be used by the red phosphor according to the comparative example 2 is
described with reference to FIG 6. FIG 6 is is the same kind of graph as the graph of the excitation spectrum described
in the embodiment 1. (Note that in this comparative example, when the phosphor is excited by an excitation light of 460
nm, the emission maximum was 609.0 nm, so that monochromatic excitation lights are irradiated on the phosphor while
changing the wavelength sequentially from 250 nm to 600 nm, the intensity of the spectrum which is light emitted by the
phosphor when the wavelength is 609.0 nm is measured, and the luminescence intensity is plotted.)

[0128] Asiitis obvious from FIG 6, being different from the phosphors in the embodiment 1 to the embodiment 3, the
red phosphor according to the comparative example 2 shows a plain light emission at substantially the same luminescence
intensity relative to the excitation lights in the range from 250 nm to 530 nm of ultraviolet light, but it turned out that the
luminescence intensity is deteriorated by the excitation light of green region having a wavelength of 530 nm wavelength
or more.

[0129] Next, the light emission when the above-described red phosphor according to the comparative example 2 is
excited by the excitation light in the range from ultraviolet light of 250 nm to green light of 550 nm is described.

[0130] An emission maximum, a luminescence intensity, and a value of a half value width of the phosphor according
to the comparative example 2, when it is excited by the lights having wavelengths of 254 nm, 300 nm, 380 nm, 405 nm,
460 nm, 500 nm, and 550 nm as the excitation lights is shown in Table 6.

[Table 6]
EXCITATION EMISSION MAXIMUM | RELATIVE INTENSITY (%) | HALF VALUE WIDTH (nm)
WAVELENGTH (nm) (nm)
254.0 607.6 98.2% 99.0
300.0 607.6 100.0% 99.1
380.0 609.0 97.7% 98.7
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Table continued

EXCITATION EMISSION MAXIMUM | RELATIVE INTENSITY (%) | HALF VALUE WIDTH (nm)
WAVELENGTH (nm) (nm)
405.0 608.0 98.2% 98.8
460.0 609.0 90.0% 98.7
500.0 609.0 91.6% 98.4
550.0 611.6 44.6% 97.9

[0131] As itis obvious from measured results shown in Table 6, when the lights having wavelengths from 250 nm to
550 nm are sequentially irradiated on the phosphor as monochromatic excitation lights, the maximum of luminescence
intensities is defined as Py, and the minimum of luminescence intensities is defined as P, . When the wavelength of the
excitation light is 300 nm, the emission maximum becomes 607.6 nm, and the luminescence intensity becomes a
maximum value. Therefore, the value at this time is set as P, = 100%. On the other hand, when the wavelength of the
excitation light is 550 nm, the emission maximum becomes 611.6 nm, and the luminescence intensity becomes a
minimum value. Then, the value at this time is P|_= 44.6%. Therefore, Py / P = 2.2, and when a case that the excitation
light is used to provide a maximum efficiency to the phosphor is compared to a case that the excitation light is used to
provide a minimum efficiency, the difference between both efficiencies is 50% or larger. Therefore it turned out that the
phosphor is difficult to use the light in the green light range effectively as the excitation lights. Further, it turned out that
the half value width is over 97 nm relative to the excitation lights having wavelengths from 250 nm to 550 nm.

[0132] From the above description, it turned out that the red phosphor according to the comparative example 2 is
difficult to use the light in the green light range as the excitation light.

Claims

1. A phosphor emitting a light when a monochromatic excitation light in a range from 250 nm to 550 nm is irradiated
thereon,
wherein a luminescence intensity at an excitation wavelength where an intensity of a spectrum of emitting the light
by absorbing the excitation light becomes maximum is defined as Py, a luminescence intensity at an excitation
wavelength where the luminescence intensity becomes minimum is defined as P, and P / P = 2.

2. The phosphor according to claim 1, wherein an emission maximum of the spectrum of emitting the light is in a range
of 580 nm or more and 680 nm or less, and a half value width of the spectrum of emitting the light is 50 nm or more.

3. The phosphor according to claim 1 or 2, wherein the phosphor is represented by a composition formula MmAaB-
bOoNnN: Z (note that the element M is one or more kind of divalent elements, the element A is one or more kind of
trivalent elements, the element B is one or more kind of tetravalent elements, the O is oxygen, the N is nitrogen,
and the element Z is an activator.).

4. The phosphor according to claim 1 or 2, wherein the phosphor is represented by a composition formula MmAaBbNn:
Z (note that the element M is one or more kind of divalent elements, the element A is one or more kind of trivalent
elements, the element B is one or more kind of tetravalent elements, the N is nitrogen, and the element Z is the
activator.).

5. The phosphor according to claim 1 or 2, wherein the phosphor is represented by a composition formula MmBbOoNnN:
Z (note that the element M is one or more kind of divalent elements, the element B is one or more kind of tetravalent
elements, the O is oxygen, the N is nitrogen, and the element Z is the activator.).

6. A light emitting diode, comprising:

a phosphor according to any one of claims 1 to 5; and
a light emitting portion emitting any one of ultraviolet to green lights,

wherein said phosphor is light emitted by any one of the ultraviolet to green lights as an excitation source.

7. The light emitting diode according to claim 6, wherein the ultraviolet to green lights are lights of wavelengths from
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250 nm to 550 nm.
A light source, comprising:
a phosphor according to any one of claims 1 to 5; and
a light emitting portion emitting any one of ultraviolet to green lights,

wherein said phosphor is light emitted by any one of the ultraviolet to green lights as an excitation source.

The light source according to claim 8, wherein the ultraviolet to green lights are lights of wavelengths from 250 nm
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to 550 nm.

17



EP 1614 738 A2

FIG. 1
Em 647.2nml
o]
Emet
=
(@p)
z
(£
=
e
e |
x
—
[ |
=
= N N~ _ Y
= \I

250 300 350 400 450 500 550 600
WAVELENGTH (nm)

FIG. 2

Em 656.0nm

RELATIVE INTENSITY

250 300 350 400 450 500 550 800
WAVELENGTH (nm)

18



EP 1614 738 A2

FIG. 3
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